A transfer matrix analysis of a periodically layered elastic composite is presented.
INTRODUCTION
Attenuation of stress pulses in a periodically layered elastic composite is a parameter of design interest for dynamic loading. Earlier workers have studied this either by a transient analysis or by devising methods to arrive directly at the attenuation within the framework of a one-dimensional theory. Sve [l] has presented a transient analysis for step stress input by assuming a spatial wave form and using the dispersion relation for wave number as a function of frequency. Mukoniki and Ting [2] have also presented a similar analysis for a step-stress input. However, both these analyses are based on Floquet's quasi-periodic relation limiting the type of boundary conditions [33. Essentially these studies are, therefore, limited to semi-infinite media. Christensen [4] has performed a perturbation analysis using the energy method and has obtained an expression for attenuation. But this analysis is valid only for very low frequency where attenuation is not very significant [33. Barker [S] used a viscoelastic analogy to arrive at the attenuation. The equivalent properties are derived from the "mixture theory" [6] which really does not portray the dynamic characteristics of a layered composite. As such, Barker's result for attenuation is independent of frequency and is valid for very high frequency.
There is yet another feature of the dynamic characteristics of a composite which deserves attention. There is experimental evidence [7] of development of tensile forces and subsequent debonding of dynamically compressively loaded composites. The existing analysis [8] based on "transmission and reflection coefficients" again points to a frequency-independent behaviour which is a contradiction to reality. In the analysis of stress wave propagation in a composite structure one should consider the finite extent of the media, multiple reflections and physically realizable boundary conditions. A h. GHOSti.
c LAKKAD ANLI I'. KAMAKRISHNAN
The present method of analysis 131, based on the transfer matrix method, is applicable to finite dimensional structures, does not depend on the Floquet theory and can be applied to any kind of loading. In this paper results are presented for attenuation and maximum tensile stresses developed in periodically layered elastic composites subjected to rectangular compressive pulses.
THEORY
The composite is assumed to be a periodic arrangement of layers of two homogeneous elastic materials (see Figure 1 ). An assembly constituted of one layer of each of the 
ci is the speed of the longitudinal wave in the ith layer. Ui(x, t) denotes the displacement field within the ith layer. Laplace transforms are taken, for zero initial conditions, and the two equations (1) are solved for the transformed displacement Ui(x, s):
The transform of the stress is obtained as
The four constants of integration from the solution of the transformed equations (1) are eliminated by using the displacements and stresses at the two ends of a period, and by virtue of the continuity of these parameters at the interface of the two layers within the period. This yields the basic transfer matrix for one period relating the transformed displacements and stresses at the two ends of a period [3] . Thus, for the jth period (4) Subscripts R and L refer to the conditions at the right and left ends of the period, respectively. So, for a n-period composite where the alternate layers are identical, 
NUMERICAL ANALYSIS
In the numerical examples presented here the composite is assumed to be fixed at the left end: i.e., UrVL = 0. It is assumed to be excited at the right end by a stress
One typical response of a composite is presented in Figure 2 . Corresponding materal properties are shown in Table 1 . It is observed that the pulse is restructured and attenuated in its passage through the composite. Further, a stress of an opposite sign, i.e., a tensile stress, is developed on application of a compressive stress.
A parametric study has been carried out for composites with varying number of periods subjected to unit amplitude stress pulses of varying pulse width, T,. Results for peak positive and negative stress are presented in Figures 3 and 4(a) -(c). Time has been non-dimensionalized with respect to T,, defined as T, = (hJcI)+ (hz/cz), where hi and hz are the thicknesses of the constituent layers. For comparison, the attenuation at various locations of a thirteen period composite as predicted by the method of reference [5] is presented in Table 2 . As mentioned before, these results are independent of the pulse width. Comparison with Figure 2 shows considerable differences.
DISCUSSION
Restructuring of the pulse is due to dispersion: i.e., different frequency components of the pulse move with different velocities and arrive at a point at different instants. Negative stress is also due to the phase difference between various frequency components in the incident and reflected stress waves.
Contrary to the predictions of other theories, the attenuation is not uniform in all the layers; rather it is more significant in the first few layers. Again, the attenuation is found to be dependent on the pulse width. This explains the differences in attenuation shown in Figure 2 (present theory) and Table 2 (reference [5] ). The magnitude of the peak negative stress, too, is dependent on the pulse width and approaches the value corresponding to that in step loading as the pulse width increases. For shorter pulses it is expectedly small because of greater attenuation. It shows a maximum for some intermediate value of the pulse width. This negative stress, if sufficiently high, will cause delamination of the composite and in design one must guard against this failure. 
